Abstract: The aim of this study was to compare survival before and after 2004 and define the prognostic factors for high-grade osteosarcomas beyond those of typical young patients with localized extremity disease.
INTRODUCTION

O
steosarcoma is rare and accounts for <0.2% of all cancers, with only approximately 60 cases diagnosed annually in Taiwan. 1 It is more common in children and adolescents and comprises 4% of cancers in people older than 20 years. 1, 2 Because of the rarity of the disease, relatively few reports regarding the treatment outcome of controlled protocols for osteosarcoma are available in Taiwan. To date, only 2 studies have investigated the outcomes of chemotherapy for pediatric osteosarcoma of the extremities. 3, 4 One study was conducted by the Taiwan Pediatric Oncology Group (TPOG) in a multicenter setting; this large series reported 7-year overall survival (OS) and event-free survival of 67.6% and 51.6%, respectively, for the TPOG OS-94 protocol. 3 The other study was a singleinstitution report from the authors' hospital, Taipei Veterans General Hospital (TVGH), which showed that the 5-year OS and progression-free survival (PFS) rates were 77% and 70%, respectively, for the TVGH OGS M2, TVGH OGS 001, and TVGH OGS 2008 protocols. 4 These limited results of osteosarcoma survival after chemotherapy are similar to those obtained in Japan and Western countries. [5] [6] [7] [8] The aim of the present study was to evaluate the overall outcomes of a wide range of osteosarcomas, extending beyond those of typical young patients with localized extremity disease. Moreover, in consideration of the substantial change in chemotherapy regimens after 2004, the survival rates of patients diagnosed before and after 2004 were compared.
PATIENTS AND METHODS
Patients
A total of 347 patients diagnosed with osteosarcoma who visited TVGH for treatment between January 1995 and December 2011 were retrospectively evaluated for eligibility ( Figure 1 ). Of these patients, we excluded 145, of whom 99 underwent surgery or consultation only, 26 (17.9%) had secondary osteosarcoma or double cancer, 11 (7.6%) had lowgrade osteosarcoma, and 9 (6.2%) were lost to follow-up. The remaining 202 patients with primary high-grade osteosarcoma who had received primary treatment at our institution were included in this analysis. Of these patients, 77 (38.1%) were diagnosed during 1995 to 2003 (defined as the pre-2004 group) and 125 (61.9%) during 2004 to 2011 (defined as the post-2004 group). In addition, 157 patients (77.7%) were enrolled in controlled protocols (ie, protocols consisting of preoperative chemotherapy, tumor excision, and postoperative chemotherapy), and 45 (22.3%) were not candidates for any protocol (ie, they underwent chemotherapy, radiotherapy, or surgery before being referred to our institution). The survival rate but not the surgical outcome was evaluated for 2 patients because one had undergone surgery elsewhere and had only received postoperative chemotherapy at our institution, and the other patient did not undergo surgery because of diffuse disease. This study followed the guidelines of TVGH and was approved before initiation by the Tumor Board of Therapeutical and Research Center of Musculoskeletal Tumor of TVGH.
Treatment
As shown in Figure 1 , 157 patients were treated according to the protocols active at the time of enrollment, including TVGH OGS M1 (n ¼ 18), TVGH OGS Mayo (n ¼ 49), TVGH OGS M2 (n ¼ 8), TVGH OGS 001 (n ¼ 42), and TVGH OGS 2008 (n ¼ 40). The details of these chemotherapeutic regimens are provided in Table 1 . Informed consent for chemotherapy was obtained from every patient or the patient's legal guardian before the initiation of chemotherapy. In addition, the Cancer Treatment Quality Monitoring Board had approved the TVGH OGS 2008 protocol. All these protocols included preoperative and postoperative chemotherapy, and these regimens have previously been partially or completely described. 4, 9, 10 Before 2004, most patients (n ¼ 49) received the TVGH OGS Mayo protocol, a primary treatment consisting of high-dose methotrexate (M), epirubicin (Epi), cisplatin (P), and ifosfamide (Ifo). Other patients (n ¼ 18) received the TVGH OGS M1 protocol, which consisted of the same 4 drugs (M-Epi-P-Ifo) in addition to etoposide. After 2004, patients received different protocols (ie, the TVGH OGS 001, 2008, and M2 protocols), which consisted of M-P-Ifo and doxorubicin (A), that is, M-A-P-Ifo regimens. In addition, postoperative chemotherapy was stratified by the histologic response to the TVGH OGS 001 and 2008 protocols (Table 1) . In these 2 protocols, pathological good responders (GRs; ie, those with a tumor necrosis rate !90%) received 8 cycles of postoperative chemotherapy, whereas the pathological poor responders (PRs; ie, those with a tumor necrosis rate <90%) received 12 cycles of postoperative chemotherapy.
Follow-Up
Routine follow-up consisted of radiographic assessments (including radiography, limb ultrasonography, and magnetic resonance imaging of the primary site), plain chest radiography, and chest computed tomography. A whole-body bone scan was performed to identify distant bone metastases. After completion of chemotherapy, these assessments were conducted every 3 months during the first 2 years, every 6 months for the subsequent 3 years, and every 12 months thereafter.
Statistical Analysis
Patient characteristics, tumor features, and treatmentrelated variables were compared between patients with osteosarcoma diagnoses made before and after 2004 by using the x 2 test or the Fisher exact test. OS was defined as the time from the date of diagnosis to the date of death or the final follow-up. PFS was defined as the time from the date of diagnosis to the date of treatment failure (ie, progression, relapse, death, or the development of a second malignancy) or until the final follow-up for all patients without the described events. The OS and PFS curves were generated using the Kaplan-Meier method and compared using the log-rank test. The parameters evaluated in the univariate analysis were used as explanatory variables in the Cox regression models of OS and PFS and the final multivariate models. Two-sided P < 0.05 was defined as statistically significant. S-PLUS 2000 software was used for data analysis. The data of patients used in these analyses were last updated on July 14, 2014.
RESULTS
Patients
The patient characteristics, tumor features, and treatmentrelated variables of the 202 patients with primary high-grade osteosarcoma at all sites were analyzed and are presented by period (1995-2003 vs 2004-2011) in Table 2 . Overall, the male:female ratio was 1.7:1, and the mean age at diagnosis was 18.1 AE 11.2 years (median, 15.4 years; range, 3.8-66.4). Patients aged <18, 18 to 39, and !40 years accounted for 72.3%, 19.8%, and 7.9% of all patients, respectively. The most common tumor site was the extremities (n ¼ 193; 95.5%). Seven (3.5%) of these tumors originated in the pelvis, and only 2 (1%) were located at other sites. Forty-five (22.3%) patients had metastatic disease at diagnosis, of whom 26 (57.8%) had pulmonary metastases, 13 (28.9%) had bone metastases, 5 (11.1%) had both pulmonary and bone metastases, and 1 (2.2%) had simultaneous metastases in the bone, lung, and liver. Four patients developed secondary malignant neoplasms (SMNs; acute myeloid leukemia in 2, acute lymphoblastic leukemia in 1, and Langerhans cell histiocytosis in 1), with an overall incidence of 2% for SMN. Comparison of the characteristics of the pre-and post-2004 groups revealed that 
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Ã The protocols were stratified postoperatively according to histologic response (GR, tumor necrosis !90%; PR, tumor necrosis <90%).
they differed significantly only in age. Of the patients older than 18 years, significantly more were diagnosed after 2004 (P ¼ 0.03). A nonsignificant increase in the proportion of patients who were not candidates for protocols was noted after 2004 (P ¼ 0.15).
Surgical Outcome
In 200 assessable patients, 188 (94%) underwent limbsalvage surgery, with the remaining 12 (6%) undergoing amputation ( Table 2 ). The reasons for amputation were either the large size or rapid progression of the tumor after initial diagnosis. Positive margins after limb-salvage surgery were found in 6 (3.5%) of the 170 assessable patients. Among 139 assessable patients, GR (n ¼ 93) accounted for 66.9%. A comparison of the surgical results of the pre-and post-2004 groups revealed that the number of patients undergoing limb-salvage surgery significantly increased (89.5%-96.8%, P ¼ 0.03). By contrast, the number of patients undergoing amputation decreased (10.5%-3.2%). Moreover, the number of patients with negative surgical margins increased significantly (91.1%-99.1%, P ¼ 0.007). Furthermore, the GR rate increased significantly by 30% (43.8%-73.8%, P ¼ 0.002) for the post-2004 group. Table 3 presents the relationship, determined through univariate analysis, of the examining factors with the survival rates of the 202 patients. The median follow-up time was 8 years (range, 2.7-19.7 years). Seventy-four of the 202 patients died from the disease; the cause of death was disease relapse or progression for 71 patients (95.9%), with 1 patient (1.4%) dying each from secondary neoplasia (acute myeloid leukemia), infection (septic shock), and drug-related pneumonitis (owing to everolimus). The overall toxicity-related death rate was 1% (2/202 patients). The estimated 5-year OS and PFS rates of the patients without metastasis were 77.3% and 57.1%, respectively, and those of the patients with metastasis were 33.9% and 14.8%, respectively. tumor excision and postoperative chemotherapy), noncandidate to protocols indicates a patient having prior chemotherapy or radiotherapy, or surgery before being referred to our institution.
Survival
y Disease progression was observed in 104 patients (51.5%). The median time to progression was 1.4 years (range, 18 days-7.5 years). The lungs were the most common sites of progression. Of the 104 patients, 37 (35.6%) had primary metastases, and a more rapid progression was observed in these patients than in those without primary metastases (mean, 13.5 vs 22.7 months, P ¼ 0.001). Thirty-five patients with disease progression (33.7%) were still alive at the time of this study; however, only 5 (14.3%) of these patients had primary metastases. Figure 2A and B shows the long-term OS and PFS curves of all patients (n ¼ 202) and those of patients in the pre-2004 (n ¼ 77) and post-2004 groups (n ¼ 125). For all patients, the estimated 5-and 10-year OS rates were 67.7% and 59%, respectively, and the 5-and 10-year PFS rates were 48% and 47.1%, respectively. For the patients in the pre-2004 group, the 5-and 10-year OS were 59.7% and 50.6%, respectively, and the 5-and 10-year PFS were both 38.3%. For the patients in the post-2004 group, the 5-and 10-year OS rates were 72.6% and 66.7%, respectively, and the 5-and 10-year PFS rates were 54% and 51.7%, respectively. The OS (P ¼ .04) and PFS (P ¼ . Tables 3 and 4 show the relationships between multiple factors and survival obtained through univariate analysis and multivariate Cox regression models, respectively. In the univariate analysis, age was a significant factor associated with OS Ã A candidate to protocols indicates an eligible patient for any controlled protocols (ie, protocols which consisted of preoperative chemotherapy, tumor excision, and postoperative chemotherapy), noncandidate to protocols indicates a patient having previous chemotherapy or radiotherapy, or surgery before being referred to our institution.
Prognostic Factors
( Table 3 , P ¼ 0.02), and the correlation between young age and GR rate was significant (73.5% and 51.9% for ages <18 and 18-39 years, respectively, P ¼ 0.03). However, age was not significantly correlated with OS in the multivariate analysis (P ¼ 0.33, Table 4 ). Moreover, age was not significantly correlated with PFS in the univariate or multivariate analyses (P ¼ 0.15, Tables 3 and 4) . Furthermore, the mean time to progression did not differ significantly between patients aged <18 and 18 to 39 years (1.5 and 1.8 years, respectively, P ¼ 0.46). In the univariate analysis, surgery type and sex were not significantly correlated with survival. The variables that were negatively correlated with OS and PFS were treatment period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , metastasis at diagnosis, positive surgical margins, PR, and being a noncandidate for a controlled treatment protocol (Table 3 ). In the multivariate analysis, the factors significantly contributing to inferior OS and PFS were the treatment period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , metastasis at diagnosis, and being a noncandidate for a treatment protocol, with relative risks of 1.82, 4.66, and 2.39 for OS and 1.6, 3.64, and 2.37 for PFS, respectively ( Table 4 ). The long-term OS and PFS curves are stratified by the prognostic factors of metastasis at diagnosis (nonmetastasis vs metastasis, P < 0.001) in Figure 3A and B and by protocol eligibility (candidate vs noncandidate, P < 0.001) in Figure 3C and D. (Figure 2) . Moreover, the GR rate increased significantly by 30% (43.8%-73.8%, P ¼ 0.002; /cycle before 2004), used adriamycin instead of epirubicin, and omitted etoposide. A previous study from our institution analyzed the outcomes of pediatric osteosarcoma of the extremities and reported that these new protocols increased the GR rate by 30% and survival by 20%. 4 Similarly, the present study found significant GR and survival rate A B D C improvements of 30% and 13% to 16%, respectively, in patients of all ages and primary sites. Evidently, patients treated with these new chemotherapeutic regimens (M-A-P-Ifo regimen) after 2004 exhibited an improved histologic response, leading to a higher likelihood of survival.
In most parts of Asia, where viral hepatitis B and C infection is endemic, the hepatitis B surface antigen seropositive rate in the general population is approximately 5% to 20%. 11, 12 Therefore, the potential risk of a hepatitis flare-up among viral hepatitis carriers during chemotherapy is a serious concern. Modifying osteosarcoma treatment protocols adopted from Western countries and adjusting these regimens are urgent tasks for healthcare providers in Asia to reduce hepatotoxicity. Among the chemotherapeutic drugs most commonly used for treating high-grade osteosarcoma, the >3 drug (M-A-P [Ifo]) regimens were found in a meta-analysis to be the most efficacious for patients with localized disease. 13 The study also reported no significant difference in outcome analysis between M-A-P and M-A-P-Ifo (or plus etoposide) regimens. Highdose methotrexate is the most hepatotoxic agent among these drugs. A study in China showed that methotrexate-free regimens (A-P-Ifo regimen) resulted in survival outcomes comparable with those of methotrexate-containing regimens but with fewer adverse reactions.
14 Another study reported the efficacy of M-A-P-Ifo regimens in 185 Chinese patients with osteosarcoma. 15 Two Japanese studies demonstrated the efficacy of adding high-dose Ifo (15-16 g/m 2 ) to the standard 3-drug (M-A-P) chemotherapy regimens, with one of the studies finding 5-year OS and event-free survival rates of up to 98% and 83%, respectively, for nonmetastatic extremity disease. 6, 16 Our previous experience of treating nonmetastatic pediatric osteosarcoma of the extremities with M-A-P-Ifo regimens also showed similar results, finding 5-year OS and PFS rates of 90.4% and 83.3%, respectively. 4 The results of our previous study of pediatric osteosarcomas and those of the present study, along with the results of the aforementioned studies performed in other East Asian countries, have demonstrated survival outcomes similar to those obtained from contemporaneous Western studies. 5, 17, 18 Thus, these results strongly support the feasibility of using M-A-P-Ifo regimens with substantially reduced cycles of high-dose methotrexate, but higher doses of Ifo per cycle for Asian patients. Further research into less hepatotoxic regimens for osteosarcoma treatment in Asia is required. Different drug susceptibility might exist between Asians and patients with different ethnic backgrounds. We suggest that randomized controlled trials comparing the efficacy of regimens with or without high-dose methotrexate (eg, M-A-P-Ifo vs A-P-Ifo regimens) be performed using Asian patients. The present study revealed that adolescents and young adults (AYAs, aged 18-39 years) had a 5-year OS rate similar to that of children (aged <18 years, 68.8% vs 69.9%, Table 3 ); however, the 5-year PFS rate was decreased, but nonsignificantly, by 17% (35.0% vs 52.6%, P ¼ 0.15). Moreover, the GR rate significantly decreased by 21.6% (P ¼ 0.03) for AYA compared with children. Our results are consistent with those of a previous study by the Children's Oncology Group, which reported inferior event-free survival attributed to an increased relapse rate in AYA patients compared with that in children. 5 Moreover, evidence from other studies, including a metaanalysis, indicated that children had higher rates of chemotherapy-induced hematological toxicity and higher tumor necrosis than did adults, suggesting the existence of fundamental differences in the responses to chemotherapy between children and adults. 19, 20 The results of our analysis are consistent with those of these previous reports, which have suggested that agespecific tumor biology and/or drug pharmacodynamics/pharmacokinetics result in different tumor histologic responses. Because the response to chemotherapy is an independent prognostic factor for high-grade osteosarcoma, 21, 22 additional pharmacodynamics/pharmacokinetics studies are required to investigate the correlation of chemotherapy dosage with histologic response according to patient age to determine the dosage crucial to improving the GR rate. Furthermore, future studies should contribute to the development of age-stratified chemotherapy protocols.
The present study showed that patients who were not candidates for protocols had significantly inferior 5-and 10- year OS and PFS rates compared with patientswho were candidates ( Figure 3C and D) . However, attention has not been paid to the underlying causes contributing to the significantly inferior survival rate among these patients. Most previous osteosarcoma studies have evaluated the outcome of the treatment protocol, but excluded patients who underwent previous chemotherapy or surgery. 4 -6,8,9,21,23 Thus, the outcome of this group of patients is largely unknown. Most patients with osteosarcomas treated at our institution 1, 4, 24, 25 were referred from other hospitals, and approximately 20% of these patients were either referred for surgical resection of the primary tumor after neoadjuvant chemotherapy or had never received chemotherapy but had undergone previous unplanned surgery before being diagnosed with osteosarcoma. Such patients are ineligible to participate in any study intended to evaluate the treatment outcome of each protocol because of difficulties in evaluating the possible impact of previous treatment on survival. In fact, the most common factors associated with unplanned surgery before diagnosis of osteosarcoma are related to pathological fracture or misdiagnosis, [26] [27] [28] and these factors often result in inadequate surgical margins. Tumor bleeding and contamination during surgery can result in increased local recurrence, enhanced tumor cell migration, and distant metastasis, leading to poorer outcomes. 9 In addition, some patients who had received preoperative chemotherapy before being transferred to our institution for definitive surgery decided to receive subsequent postoperative chemotherapy at our institution, resulting in unavoidable adjustment/interruption in their protocols. However, our observations are consistent with those of previous reports, 29 suggesting that artificially interrupted treatment protocols might negatively influence the treatment outcome. Clinicians, patients, and patients' families should be aware of these facts and try to avoid unplanned surgery or otherwise interrupt the treatment protocol as little as possible during osteosarcoma treatment.
Currently, up to 99% of residents of Taiwan are covered by the National Health Insurance (NHI) program. 30 A singleinstitution study reported that the survival of patients with osteosarcoma improved significantly following the launch of the NHI program in 1995. 31 Although the NHI program benefits most patients, it has some disadvantages. For example, physicians may delay examinations that are more costly (eg, magnetic resonance imaging) because of concerns that insurance claims might be rejected by the NHI administration; consequently, bone tumor diagnoses may be delayed. According to our clinical experience, we suggest that physicians treating patients with osteosarcoma pay more attention to possible unsuspected adjustments when considering the cost of diagnostic imaging techniques, and to the possibility of increased misdiagnosis or delayed diagnosis under the NHI program. This study has the following limitations. First, the use of a retrospective design covering a long study period may have led to bias caused by improvement in diagnostic technology, surgical techniques, teamwork, and supportive care, and this bias might have influenced the survival estimates. Second, possible factors influencing the statistical power of the results included the recruitment of patients other than typical young patients with localized extremity disease and the inclusion of patients who had received treatments before being referred to our hospital. In addition, only 84% of the 202 patients had surgical margins proven by pathologic evaluation (Table 2) . Furthermore, 68.8% of the 202 patients were evaluated according to histologic response (Table 2) ; the other patients were not evaluated according to histologic response mainly because of the use of autografts after extracorporeal irradiation for limbsalvage surgery. 24, 25 These factors have led to an increase in missing data and might have reduced the statistical power for risk factors testing. In addition, potential bias associated with variations in patient age during different periods (patients diagnosed after 2004 were significantly older; Table 2 ) might have confounded the survival estimates.
In conclusion, this study demonstrated the long-term outcome of high-grade osteosarcoma over 17 years at our institution in patients of all ages and tumor sites. This is the first study of its type in Taiwan to utilize such a large patient cohort and long follow-up period. The patients in this study were considerably heterogeneous but represented patients with osteosarcomas encountered in daily clinical practice. The key factor contributing to the 13% to 16% survival improvement in the patients treated after 2004 was the change to M-A-P-Ifo regimens; this result was supported by the GR rate significantly increasing by 30% after 2004. The results of this study elucidate the long-term outcomes of M-A-P-Ifo regimen use in Asian patients, and indicate that future clinical trials should explore less hepatotoxic regimens for high-grade osteosarcoma in viral hepatitis endemic regions such as Taiwan. Age-specific differences in the GR rate suggest that chemotherapy pharmacodynamics and pharmacokinetics, or tumor biology differ with age. Thus, the development of age-stratified chemotherapy protocols is required to improve the histologic response of neglected AYA patients. Compared with patients who were candidates for a treatment protocol, those who were not had significantly lower 5-and 10-year survival rates. The long-term impact of the nonrecruitment of patients with previous treatment on the survival outcome of these patients might have been underestimated by both physicians and patients.
